BEFORE entering into a discussion on the narcotic action of purest ether, I would like to say a few words on the question as to how far a pharmacologist is qualified to judge these matters. I first want, so to speak, to define the limits of my competence It is a general rule that results of experiments carried out on animals in the laboratory should not be applied to human beings without due caution. This rule especially holds in all cases where an action on the central nervous system is involved. And if the action of some of the alkaloids acting on the nervous system, as morphine, scopolamine, or atropine were the subject of our discussion, I should have entered this field with much more hesitation. Morphine, for example, differs considerably in its action on various animals. It induces excitation in the cat, but narcosis in the dog; it will induce vomiting in the dog, but seldom in men; and many other differences may be found.
If, however the action of narcotics belonging to the aliphatic series-like ether, chloroform, &c.-be studied, one is struck by the fact that the action of these drugs varies very little in different animals, and this assumption holds good from the qualitative as well as from the quantitative point of view. For example, there is no appreciable difference in the qualitative action of ether on mice, guinea-pigs, rabbits, cats, dogs, monkeys and men. Some years ago I studied, quantitatively, the action of ether and chloroform, and the effects of various mixtures of them, on various animals, and, on comparing my figures with those obtainea by others, it was found that the amount of narcotic present in the air, or the concentration of narcotic present in the blood, during various phases of narcosis, was alike in different animals.
In addition to that, special investigation taught us that for these narcotics the relation between the concentration present in the blood of animals and the action on the nervous system is a very simple one. Expressing it in our nomenclature, the concentration-action curve of these narcotics follows a straight line. This has the following meaning: If the dose of narcotic is increased, the action will increase accordingly, so that a double concentration of the narcotic in the blood will give a two-fold narcotic action. For most of the other drugs, for example the alkaloids, this is different; their JY-A 1 [March 7, 1924. concentration-action curve has the form of a hyperbola, which means that in certain regions a slight increase in concentration will induce a great variation in actioh, whereas in other regions it is the reverse. Drugs belonging to this last group may always-especially when administered in combination with similar drugs-tend to produce unexpected effects, like potentiated synergism, reversal of action, &c. This feature is not to be expected in working with the narcotics of the aliphatic series.
We have carefully studied this phenomenon with many drugs acting on many animals, and we always found simple relations. Ether, chloroform, chloral hydrate, urethane and similar drugs, will in small concentration produce slight symptoms, and, if the concentration of the drug in the blood is gradually raised, the narcotic action will rise accordingly; and slowly, without interruption, the phase of respiratory inhibition will be reached. If two of these drugs are used in combination, simple relations again prevail. The action of one drug will be added quantitatively to the action of the other drug, without any sign of so-called potentiated synergism. Figs. 1 and 2 give examples of the two different forms of concentration-action curves.
The fact, then, that narcotic action of ether and of drugs of the same group is the same qualitatively and quantitatively for all laboratory animals and for man, added to the fact that the concentration-action curves of these drugs run a straight course, so that no " surprises " are to be dreaded, opens the possibility for a pharmacologist to discuss the narcotic action of purest ether before a group of men who use the same drug in their practice daily, and whose practical knowledge of the subject by far surpasses mine.
As you all know, the narcotic action of ether was discovered accidentally. A flask containing ether broke, and some moments later a laboratory attendant was found nareotized on the floor by the chemist Jackson. A priori considerations might lead to the conviction that it is highly improbable that the accident should have happened with precisely the best narcotic which exists; and so the supposition, that a better narcotic than ether may be found, is not at all absurd. It has been claimed in recent years that combinations of ether with other substances exist, the narcotic action of which exceeds the action of pure ether considerably. Indeed some investigators supported the view that pure ether has no narcotic action at all, but that the narcotic action of ether, noticed from Jackson's time till now, is only due to impurities present in ether. As a consequence of this assumption two preparations, called "Cotton's ether" and "ethanesal," were put on the market and were claimed to have a narcotic action far beyond that of pure ether. This conception attracted the attention of a numiber of surgeons and anasthetists in my country, and it so happened that the first rumours of the non-activity of ether came to us precisely at a time when some factories in Holland were doing all they could to produce very pure narcotic ether, as the German ether, which was in use in pre-war times, was no longer available.
Consequently there arose a very unfortunate position, in which surgeons lost their faith in "purest" ether, whereas the ether manufacturers, whose ether had reached a high degree of purity, were at a loss how to proceed.
When, in this state of affairs, I was asked by our largest ether manufacturers, " Nederlandsche Gisten Spiritusfabriek," to investigate the matter experimentally, I felt that this request could not be refused. So, with the assistance of Dr. Nijk, I undertook to investigate the following points:-(1) Has pure ethyl ether a narcotic action ? (2) Is it possible to increase the narcotic action of pure ether by adding "impurities" or other constituents to it ? This last question included a study of Cotton ether and ethanesal, which were said to consist of pure ether contaminated with known amounts of known impurities. The Narcotic Action of Purest Ether. As a first step we investigated the degree of purity of a number of commercial " narcotic ethers," including ethers of Kahlbaum, Schering, Mallinckrodt, various samples of ether from our Dutch firm, Cotton's ether, ethanesal, and a very pure ether prepared in our own laboratory.
Various tests for purity, among them those described in the pharmacopceias of different countries, were applied. Briefly stated, the result was that all ethers had reached a considerable state of purity (apart from the impurities consciously added to Cotton's ether and ethanesal) so that all of them-with the exception only of Mallinckrodt ether--were equal to the demands of the Dutch pharmacopoeia. But, on the other hand, none of them were absolutely pure. Small amounts or traces of aldehydes or alkylenes are usually found. Even the purest ether-ether G. and S. Fabriek, absolutum purissimum pro narcosi-showed a slight reaction with Nessler's reagent on standing.
The statement that pure ether is not narcotic is due to Cotton and to Mackenzie Wallis.! Cotton's ether and ethanesal are claimed by them to be pure (and consequently non-narcotic) ether to which impurities had been added. In order to investigate the correctness of their statement, it was only necessary to prepare an ether which would be of the same degree of purity as Cotton's ether or ethanesal, minus the added impurities. As a matter of fact it would not have been necessary to take the trouble to prepare new samples of ether, since the purity of some of our ethers was greater than the purity of the ethyl ether (minus the added impurities) contained in Cotton's ether and ethanesal. As these ethers (viz., Schering Kahlbaum ether, and ether absolutum purissimumn pro narcosi G. and S.) have been used thousands and thousands of times for narcosis, the deduction may be made, that the ethyl ether of Cotton, ether and ethanesal (which is even less pure than the ethers above mentioned) certainly must be also active. So that Cotton and Mackenzie Wallis must have made a mistake. It was, however, deemed advisable to bring a more direct proof that purest ether has a narcotic action.
Ether was prepared from pure sulphuric acid and ethyl alcohol; it was repeatedly washed with pure water, and treated with calcium chloride. On each occasion when distillation was necessary, only the middle fraction of the distillate was taken. The ether was subsequently distilled over lime, and thereafter kept over metallic sodium. Of this ether, five litres were taken and distilled. From the middle fraction, which distilled exactly at 34 6°C. at 760 mm. Hg (being the exact boiling point as indicated by Timmermans and not significantly different from that of Wade and Finnemore) one litre was taken. This is called " purest laboratory ether." On applying the purity tests, this ether proved to be very pure, only traces of alkylene were found.
The narcotic action of this ether was tested, and no differences whatever from other ethers were found. It is superfluous to give any more details on this matter as Dale, Hadfield and King' have studied this phase very carefully and they published their results a year ago. They state that the purest sample of ether which may be made with ordinary laboratory methods has a normal narcotic action. This statement we can confirm entirely.
Discussion of this part of the question then could have been considered as closed were it not for the following reason.
Section of Anrsthetics
Dale, Hadfneld and King had proved-and we had confirmed it-that the purest ether which may be made is active. The statements of Cotton and Mackenzie Wallis were in this way shown to be incorrect, but this did not as yet exclude every possibility that impurities might be the real narcotic factors in ether. None of our ethers are-theoretically speaking-absolutely pure. Moreover, it must be regarded as theoretically possible that ether contains a small amount of an unknown substance, which also boils at 346°C and which is responsible for the narcotic action.
I should like to call attention to the fact that, personally, I would never have undertaken to propound such a theory. It may be remarked, in passing, that a similar theory may be put forward for every action of any other drug. Under ordinary conditions the work of Dale and his co-workers would have been entirely sufficient. In this particular case, however, and with the object of excluding all possibility that a claim similar to that of Cotton and Mackenzie Wallis might be made in the future, we determined to go a step further and to prepare a sample of ether of undeniable purity.
We early recognized that all difficulties would disappear if we could crystallize ether. Hence attempts were made to secure a preparation containing ether in crystalline form.
Crystallization of ether, by cooling ether, could not give the desired results, since such crystals might be contaminated with unknown impurities from the mother liquor. Moreover, the exact melting point of such ether is not known. So we hoped to obtain chemical compounds which would crystallize with ether. The known Grignard compounds (ethyl magnesium bromides, magnesium iodoetherates and beryllium chloro-etherates) were unsuitable for the purpose, since such compounds would decompose on heating and make the ether obtained impure. Hence an organic substance, which crystallizes easily with ether and which does not decompose on subsequent heating, had to be found. After a long search Dr. Nijk found that benzidine answers completely to these demands.
If pure and perfectly dry ether is mixed with benzidine, heated to boiling point and subsequently cooled, large crystals of prismatic form are found. Upon the heating of these crystals the ether very easily becomes free, and the residual mass of benzidine may be used several times for the same process.
Benzidine possesses the following advantages: It does not decompose ether during this process, but it destroys peroxides, especially ethylperoxide, diethylperoxide and acetal hyperoxide.
Ether obtained in this way is absolutely pure. Its boiling point is exactly at 34.6c C. (760 mm. Hg), and it gives negative results with all reagents for impurities contained in the various pharmacopceias, including the reaction with ferrosulphocyanide which formerly was present in the German pharmacopoeia, but had to be left out as being too sensitive. This ether is not only free from any peroxides, but also it does not form peroxides if left in the sunlight for a considerable time. If air (freed from aldehyde and acids) was conducted through ether of crystallizaion in the sunlight for some hours no peroxides were formed.
Moreover it was found that also ether, obtained by redistilling the mother liquid used in making ether of crystallization, was entirely free of peroxides and did not form peroxides if left exposed to the air. This is of advantage, since the process of making ether of crystallization is a slow one. On using 1 kg. of benzidine only 150 gr. of ether of crystallization are obtained. Since the distillate of the mother liquor is for practical purposes to be considered as equal to ether of crystallization, the crystallization process is an effective one in purification of narcotic ether.
Our first step after obtaining ether of crystallization was to investigate its narcotic action and to compare this with the action of other ethers.
NARCOTIC ACTION OF ETHER OF CRYSTALLIZATION AND OTHER ETHERS. The proof, that the purest ether we could prepare, viz., ether of crystallization, had indeed a narcotic action, was easy to obtain. Animals were narcotized with this ether, and no difference from other ether could be perceived. In the surgical clinic a child who was to be operated upon for appendicitis was narcotized with ether of crystallization without any additional drug being given, and the narcosis was in no way different from others, indeed, its course was very smooth. The amount of ether used was the same as is usual in such cases, and the patient's recovery was uneventful. Although in this case it was shown that purest ether of crystallization has a narcotic action which, on clinical observation, does not differ from that of known ethers, it had to be proved that our ether had quantitatively exactly the same narcotizing power as other ethers. This point was investigated by experiments on animals carried out as follows:
EXPERIMENTS ON MICE. Some mice are put in a large 10-litre bottle, which is closed by a rubber stopper. The stopper is perforated by the needle of a syringe for injecting ether. If 1+ c.c. of ether at 15°is introduced into the bottle and the bottle is turned several times to obtain an even mixture of ether and air, the air in the bottle will contain 3 volumes per cent. of ether, and the mice, which have been put into the bottle, will be narcotized (i.e., they are sleeping and do not make spontaneous movements if turned on their backs) in three to ten minutes. This is the case with mice weighing about 20 grm. With purest ether of crystallization exactly the same results were obtained. Narcosis ensued after application of 1J c.c.; smaller quantities had no effect, larger quantities gave a deeper aneasthesia. EXPERIMENTS ON CATS. Two series of experiments were performed. In the first series the object was to determine the amount of ether present in the animal's blood, if narcosis was pushed so far that respiration stopped. This method has been used in a large number of experiments by the present author.' Cats are narcotized with the ether to be investigated, tracheotomy is performed and a cannula is fixed in the trachea. Air is blown through a Woulff bottle containing ether, the air saturated with ether then passing through a narrow rubber tube which is introduced into the tracheal cannula of the animal. In this way narcosis can be continued easily. The animal is narcotized very deeply, and the depth of the narcosis is increased gradually, till the limit at which respiration stops is nearly reached. In this phase the animal is kept for half an hour, then narcosis is gradually pushed further till respiration stops entirely. At this moment the tracheal cannula is clamped, the thorax at once opened, the right heart incised, and 10 c.c. of blood are drawn and introduced into a flask containing a picric acid solution. The ether is distilled off and a quantitative determination is made, Le Heux's modification 2 of a method described by Nicloux being used. I In using purest narcotic ether, prepared in our laboratory, the figures given in Table I are obtained, which show that on an average of nineteen experiments a concentration of 0114 per cent. in the blood is found. In six animals narcotized with ether of crystallization we found an average concentration of 0x118 per cent. Ethanesal was investigated in five animals and gave an average of 0'114 per cent.; narcotic ether of a Dutch factory (Ned. G. en S. Fabriek) gave 012 per cent. as an average of five experiments. These experiments prove that the quantity of ether present in the animal's blood, which is just sufficient to cause cessation of respiration, is the same for pure laboratory ether, for purest ether of crystallization, for ethanesal, and for a sample of commercial narcotic ether.
In a second series of experiments we determined the amount of ether which is sufficient to keep a cat within a certain depth of narcosis during an hour.
A cat is narcotized with ether of the sample which has to be investigated. Tracheotomy is performed, and a cannula is fixed in the trachea. This cannula it connected with a rubber tube, which leads to a small apparatus, shown in fig. 3 , (p. 23). The cat breathes spontaneously by means of " Muller valves," the inspired and expired air being forced to follow the desired direction. By opening or closing a clamp, the inspired air is led through a graduated cylinder containing a known amount of ether from the sample under investigation. On one side of the animal the peroneal nerve is dissected out. Every two minutes the nerve is stimulated electrically to control the depth of narcosis. Throughout the experiment the quantity of ether to be inspired by the animal is so regulated that stimulation of the peroneal nerve with an electric current of constant strength just gives a slight reflex movement in the 'contralateral hind leg (crossed extension reflex). After the animal has been kept in this phase of narcosis for a quarter of an hour, the amount of ether in the graduated cylinder is noted and the experiment is continued for another hour. Then again a reading is taken, and the difference of both readings gives the amount of ether used during an hour. Then the animal is allowed to recover, and six or eight hours later the same experiment is repeated with another sample of ether, and after that the animal is killed and an autopsy made. If pulmonary or other lesions are found, the results are rejected. If for one animal sample A is used in the morning and sample B in the afternoon, the next day, when experimenting on another animal, sample B is used in the morning and A in the afternoon. Each sample is used in the case of several cats, and only averages of these determinations are compared. This method givw reliable results. With the use of the purest narcotic ether prepared in the laboratory we found the figures given in Table II . 
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The table shows that, as a rule, the first observation gives a figure somewhat higher than the second observation. This does not show clearly in the average figures, since the course of experiment 5 deviated from the other experiments. Also, later experience taught us, as could have been anticipated, that afternoon figures (second observation) are somewhat lower than morning figures.
In the next series of experiments on five cats, we compared the action of ether of crystallization with the action of the pure laboratory ether used in Table II .
The results are shown in Table III . 
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These experiments show that the narcotizing effect (measured by determining the amount of ether necessary to keep an animal in a certain depth of narcosis for an hour) of purest ether of crystallization does not differ from the effect of commercial narcotic ethers.
We feel that on the basis of these observations the conclusion may be drawn that the narcotic action of the purest ether which can be obtained does not differ from the action of pure laboratory ether or of commercial narcotic ether. In relation with the experiments first mentioned, viz., those in which the concentration in the blood which causes the respiration to stop is determined, the criticism might be suggested that the figures thus obtained do not represent a narcotic but a toxic or lethal action of the ether. In our opinion such a criticism would be unsound. It has been pointed out above that the concentration-action curve of ether is very straight. If the concentration in the blood is gradually increased, the depth of narcosis also gradually increases. Different centres of the nervous system are successively involved, and finally the respiratory centre is narcotized. This narcosis does not differ from the narcosis of other centres, since it also is a temporary and perfectly reversible inhibition of the function of a nervous centre. Inhibition of respiration by ether is one easily determined point on the concentration-action curve of this drug.
INVESTIGATION OF THE INFLUENCE OF ADDITION OF IMPURITIES TO
PUREST ETHER.
After it had been proved that purest ether was a narcotic which manifested the same narcotic action as commercial narcotic ethers, the second question, mentioned above, remained for investigation, viz., the possibility of increasing the narcotic action of purest ether by the addition of impurities.
In most of these experiments various products, which may occur as impurities in ether, were added to our purest laboratory ether, and the effect of these mixtures was studied in the two ways described in the preceding section.
Since, however, only very small differences were found, we used in the majority of the experiments only the method by which the lethal concentration of ether in the blood is studied, as we assumed that if great differences in narcotizing action were present, this would involve differences in lethal concentration. Moreover, if such differences did occur, they would not, if of any consequence, escape our attention during the performance of the experiments.
The results of all these experiments were rather astonishing, as there appeared to be very little difference in the narcotic action of most of the ethers and mixtures studied. Indeed, purest ether and crude commercial ether did not differ considerably in narcotizing effect. It must be stated emphatically, that these experiments teach nothing about the suitability of these ethers for producing anesthesia in man. A very intensive purification of anesthetic ether is necessary to exclude the danger caused by the irritative action of impurities on mucous membranes; moreover, some imnpurities may be harmful to the kidneys, liver and even to the heart. These properties exclude such impure ethers from clinical use, but do not influence in a marked degree their narcotizing action; and since this was precisely the action we wanted to study, the other actions of impurities are only casually mentioned in this paper. Only in those rare cases in which a mixture seemed to have a better narcotizing effect than purest ether have we been obliged to make a study of the side actions of these mixtures. As will be shown later, this task was not difficult, since in those ethers which differed from purest ether in narcotizing effect we easily detected other actions which excluded their use in therapeutics. Results.-The quantity of ether used is smaller in all experiments with methylethylketone. The difference of course is more demonstrable in cases in which first purest ether, and afterwards methylethylketone ether, is given, since the figures of the second observation always tend to be a little lower than those of the first observation. Experxmental peReselts. Table IV gives the results of all experiments in which the lethal concentration was determined. For each substance, and for each mixture, only the average dose determined is given, and the number of experiments made has also been recorded. In cases in which a sample gave, on one or two examinations, a figure approximating to the average for purest ether, we felt that one or two experiments would be sufficient. In all important cases five or more experiments with the same ether were made. Tables V to X give the results of experiments in which the quantity of ether necessa)ry to narcotize a cat for one hour was determined.
A survey of these tables shows that the values obtained for most of the samples deviate little from the figures of purest narcotic ether. However, the following samples create an exception.
Itspure Comyaercial Ether.-The lethal concentration is 0a104 per cent., which implies that the narcotic action of this ether is higher than that of pure ether. Since crude commercial ether notoriously contains many irritating substances-which was clearly demonstrated by an excessive secretion of saliva from our cats under experiment-it was of no use investigating this ether further.
Ether qvith peroxides, with furfitrol, and wvith ethylacetate (which was very toxic), had to be discarded for the same reason.
The only samples which seemed worth a further examination were ether with iso-amylalcohol and with methylethylketone. Iso-amylalcohol lowered the lethal dose, which shows that its narcotic, or toxic, effect is greater than that of purest ether. Further experiments on this point appeared to be unnecessary, as the mixture proved to be too toxic. Cats narcotized two or three times with ether containing iso-amylalcohol secreted an immense quantity of saliva and died. We do not know whether the small quantities of iso-amylalcohol found in ethanesal will prove to be dangerous, but we believe that they certainly will exercise no beneficial action, and that if they have any action at all it is presumably a noxious one. The use of this substance in ether has to be discarded.
Methylethylketone.-This substance added in quantities up to 5 per cent. to purest ether did not seem to affect the lethal dose materially. It was, however, noticed that narcosis in these cases went very smoothly, and there was little salivary secretion; moreover, we had the impression that during narcosis with mixtures of ether and this substance less ether had to be used than usually. Hence we considered it worth while to investigate mixtures with this substance more thoroughly. This was the more desirable as it has been stated by Mackenzie Wallis that ethanesal contains 5 per cent. of methylethylketone.
METHYLETHYLKETONE.
The first point to be investigated was, whether indeed methylethylketone intensifies the action of ether. If this should be proved, the next point for investigation was whether the relation between therapeutic concentration and toxic concentration was advantageous, which includes a study of eventual toxic symptoms due to methylethylketone. Finally, granting that all these inquiries gave favourable results, it would be necessary to find the optimal concentration of methylethylketone to be added to purest ether.
ESTIMATION OF THE QUANTITY OF KETONE-ETHER NEEDED TO KEEP A
CAT NARCOTIZED FOR ONE HOUR. Using the technique already described above we made a number of experiments tabulated in Table VII, in which it was found that, as a rule, during narcosis with ether + 5 per cent. methylethylketone, less ether is used than with purest ether alone. It is not yet clear how this action is to be explained. The boiling point of methylethylketone is higher than that of ether, so it may be expected that the boiling point of the mixture is higher than that of ether alone. This may cause a slower evaporation from the ether bottle, and may cause, with the technique used, less waste of ether during the experiments. On the other hand, methylethylketone is a toxic substance. Mice brought into an atmosphere containing 3 volumes per cent. of methylethylketone are narcotized within a few minutes, but, on withdrawal of the narcotic, they remain unconscious for many hours. So it may be possible that addition of 5 per cent. of methylethylketone to ether increases the toxicity, and this might explain that less ether is used to maintain narcosis during an hour. This point will have to be investigated more fully.' A second batch of cats was narcotized in the same way with pure ether. It is knlown that most cats will stand the procedure for a considerable time if pure ether is used. Olle of our cats was narcotized seven times with ordinary pure ether.
In the series narcotized with ether + methylethylketone all the cats died after having been narcotized two or three times. They did not die during narcosis, but afterwards. In all cases we found multiple hwmorrhages in the lungs, liver, kidney, peritoneum. The urine contained blood and bilirubin in most instances. This fact shows that the addition of 5 per cent. methylethylketone to ether makes it very toxic, so that the use of such ether in ment would be criminal.
It may be remembered that ethanesal, is claimed to contain 5 per cent. of methylethylketone, but it contains only n-butylalcohQl.
It is self-evident that no time need be wasted in a further ilnquiry into the effects of addition of methylethylketone to ether. Therefore, as a result of these experiments we are enabled to state that most of the impurities added do not affect the narcotic action of ether materially. Some impurities do, but the addition of these impurities to pure ether, with the view of obtaining a better narcotic ether, is inadvisable, since they increase the toxicity of ether.
The final conclusion arrived at is that the purest ether which can be obtained is the best narcotic.
It is necessary briefly to discuss two commercial preparations, " Ethanesal" and " Cotton's ether," since it has been claimed that both preparations possess a narcotic action superior to that of pure ether.
ETHANESAL.
Wallis and Hewer claim that purest ether has no narcotic action; the narcotic effect of their product "Ethanesal," is said to be due to ketones. In one of their first contributions to the subject' they state that "Ethanesal" is a mixture prepared by taking ether, purified by treatment with permanganate and copper sulphate, and adding C02, ethylene and an unspecified amount of ketones (comprising those in the middle of the series). In a later paper, Wallis identifies the "ketones'" as methylethylketone, added in amounts of 2 or 5 per cent.
Hewer states that Mackenzie Wallis has shown that animals can be anesthetized with a mixture of methylethyl-and vinylethylketones, provided that the temperature is high enough for adequate vaporization. It is unnecessary to enter into a detailed description of this matter, since it has been extensively dealt with in the paper written by Dale, Hadfield Our analysis entirely agrees with the analysis of Dale, King and Hadfield, only we found a small amount of iso-amylalcohol. The presence of this substance was ascertained as follows:
If ethanesal is shaken up with water and subsequently separated, the watery layer becomes cloudy on heating and clears up again on subsequent cooling. The residue of evaporations of ethanesal gives the smell of isoamylalcohol, but it is difficult to prove the presence of an alcohol function.
The main facts are, then, the absence of methylethylketones, or other ketones, the presence of only very small amounts of ethylene, and the presence of normal butylalcohol. It is of course impossible to ascertain why a product that is said to contain methylethylketones does not contain this substance, but does contain n-butylalcohol. But, as has been pointed out by Dale, King and Hadfield, it is quite possible that the manufacturers of ethanesal intended to add iso-butylalcohol, which on oxidation would have produced methylethylketone.
COTTON'S ETHER.
This is said to be pure ether containing ethylene and C02. On chemical examination of this ether we found: (a) Little or no C02; (b) no acetone or aldehydes; (c) no peroxides; (d) ethylene.
Our animal experiments with both ethers have shown that their narcotic action is exactly the same as that of purest ether.
The fact that these ethers, in the hands of some well-known anesthetists, yielded good results, need not surprise us. Apart from the impurities purposely added (none of them, through the fortunate mistake of the manufacturers of ethanesal, are toxic), ethanesal and Cotton's ether are very pure ethers. Since the requirements of the British Pharmacopceia are not very exacting, and since, during the war and shortly afterwards, narcotic ethers containing other impurities may have been put on the market, ethanesal may have been superior to some other samples of ether, not because it contains substances which increased its narcotic action, but because it was a pure ether.
Finally, one other point has to be mentioned. It often happens that pure ether, which does not contain peroxides, forms these bodies on standing. It is known that exposure to air and light increases this tendency. On examination of a number of ether samples we found that some ethers do not show this peculiarity. Among these were: Schering's ether, ethanesal, ether of crystallization, and also a distillate of the mother liquor of crystallized ether.
Schering's ether contains a small amount of alcohol. Ethanesal contains butylalcohol. It is probable that the addition of a small amount of alcohol may prevent the formation of peroxides, i.e., it may stabilize the ether. Temporary addition of benzidine to pure ether has a similar effect. Probably benzidine acts by destroying the last traces of peroxides or aldehydes and thus prevents the new formation of peroxides.
It is evident that the question of stabilization of ether is of interest. We intend to study this point more in detail in the near future, our aim being to find a simple and effective method for stabilization of pure ether. We know already that the addition of benzidine has a stabilizing effect. This, however, would involve an extra distillation of the ether; hence it would be more advantageous if a substance was found which would be absolutely innocuous, and which would, on addition to purest ether, stabilize it.
On the basis of the investigation related, I should like to present the following conclusions:-(1) Purest ether has a narcotic action which in no way differs from the narcotic action of commercial narcotic ethers, which have till now been in use.
(2) Addition of impurities does not, as a rule, materially influence the narcotic action of pure ether. In those cases in which the narcotic action was increased, the addition proved to increase the toxicity of the ether to such a degree that it would be impossible to use such a mixture on man.
(3) The action of ethanesal and Cotton's ether differs in no way from the action of pure ether.
(4) Consequently the demand should be made that narcotic ether should be an ether of the highest degree of purity possible.
(6) It would be desirable to add to such an ether a substance which would prevent the formation of peroxides and thus stabilize the ether without interfering with its narcotic action.
DISCUSSION.
Dr. H. H. DALE stated that he considered that further controversy, at that mlleeting or in the press, on the question of the anesthetic properties of pure ether, would be useless. The statement made by himself and his colleagues had been abundantly confirmiied, by the much more thorough investigation carried out by the lecturer. Dr. Mackenzie Wallis and Dr. Hewer naturally trusted the evidence of their own observations. He could only repeat, in public, an offer, or challenge, already made privately. If Dr. MIackenzie Wallis and Dr. Hewer obtained another sample of pure ether which was not anEesthetic, he begged them to commlunicate with himll, so that, either in his own laboratory or at St. Bartholomnew's, they i-ight arrange to make a joint observation, and endeavour to find the cause of the discrepancy. Meanwhile, it was useless to argue about a direct contradiction of experimental fact.
With regard to ethanesal he felt bound to record his opinion that the position was a most unsatisfactory one. Dr. Wallis repudiated responsibility for the product of the manufacturers, whom he had himself indicated as being charged with the preparation. Dr. Wallis reaffirmed that ethanesal ought to be a mixture of pure ether and methylethylketone, and suggested that butylalcohol had been substituted by the makers on account of its cheapness. The speaker regarded this as an extraordinary suggestion, especially as methylethylketone was not, as Dr. Wallis seemed to imagine, a costly and rare material, but a commoni solvent, obtainable in any quantity, and cheaper than good ether itself.
Dr. C. LANGTON HEWER said that he had neither the desire nor the ability to enter into any controversy on chemical questions, but would confine himiiiself to the action of the pure ether submitted to him by Dr. Mackenzie Wallis.
Experimeents on animals having shown that the fluid appeared to have an extremnely weak anawsthetic action, he (Dr. Hewer) admninistered it to several children. The miethod used was by open imask with about twenty layers of gauze, and in no case could surgical anesthesia be obtained, although the quantity used on each patient was up to one pint. It appeared to be impossible to pass beyond the excitement stage, although the substitution of ordinary ether produced almost immediate narcosis in each case. The fluid was next tried upoIn a girl of 19, using a Clover's inhaler. By keeping the indicator at " full " for six minutes (having previously taken about five miinutes to rotate it fromii " 0 "), a light degree of narcosis was obtained, but on adopting the open miiethod it was impossible to keep the patient sufficiently still for the operation to proceed, and a change over to ordinary ether was mnade, after which no further trouble was experienced. The rem-lainder of the pure ether was then given to Dr. B. B. Sharp (late resident anesthetist to St. Bartholomnew's Hospital), who employed it on a child aged 7. After fifteen minutes' inhalation, the child was struggling violently, and a C.E. mixture was substituted, with immnediate narcotic effect. In the foregoing experimi-ents, the bottles were numibered, some being pure ether, and others controls of ordinary ether, and thus all bias was elimiinated.
The action of Cottoln process ether was next investigated by himilself and Mr. B3oyle, and it was also found to be too weak an anmesthetic to be satisfactory, unless the fluid was used immediately the tin had been opened. Lhis opinion appeared to be shared by other anmesthetists who had used the preparation, and the subject was discussed at somie length in the American fJournal of Sitr, gery, vol. xxxvi, N'o. 7, by Dr. Paul Cassidy and Dr. Webster. It might be remembered that Dr. Cotton himself regarded his ether as a weak anaesthetic after the dissolved ethylene had been given off.
It thus appeared to be beyond dispute, unless at least seven different observers were suffering from the samule delusion, that pure ether prepared either by the process of Dr. Wallis or Dr. Cotton was at least demonstrably weaker in anesthetic action than ordinary ether.
He concluded by expressing his pleasure at the many points which Professor Stornm van Leeuwen had confirmed in the previous paper which had been read by Dr. Mackenzie Wallis and himself, e.g., the importance of small quantities of impurities in anesthetic ether, the fact that ethanesal contained a very pure form of ether whicli did not tend to decompose, the anesthetic action of ketones, and the observation that 5 per cent. of methylethylketone dissolved in pure ether diminished the quantity necessary to produce anaesthesia.
Dr. C. F. HADFIELD, referring to the numerous complaints that had been made as to the variations in quality of different bottles of ethanesal, said he thought that the makers could hardly be blamed. He had himself found it impossible to discover the correct formula. At the meeting of the Section held on April 1, 1921, Dr. Mackenzie Wallis described it as containing certain ketones in the middle of the series,' whereas in the Lancet of March 3, 1923, these middle ketones were deserted in favour of 2 per cent.
ethylmethylketone. Since that date the third edition of Boyle and Hewer's "Practical Aniesthetics " had appeared, and on page 98 it was stated once more that ethanesal contained 5 per cent. of the mixed ketones. All these statements referred not to the experimental mixtures but to the standardized " XD Brand."
Mr. H. FINNEMORE asked the author to state in detail which peroxides were referred to, of which 1 per cent. was added. The observation that the purest ether was unstable agreed with that made by the late Dr. Wade and himself some years ago. They found, however, that the addition of a small quantity of alcohol rendered such a pure ether stable. The addition of stabilizers to anasthetics was not new, as chloroform of the British Pharmacopceia contained a small quantity of alcohol for this purpose. Some remarks had been made upon the lower stringency of the British Pharmacopceial tests for ether as compared with pharmacopceial tests of other countries, and he was glad to hear that steps were being taken by the Section of Anvesthetics to improve this state of affairs. With regard to the cost of methylethylketone, it had been stated that this was an expensive substance. As a matter of fact large quantities were available as a by-product at a very low cost.
Dr. F. E. SHIPWAY wished to draw attention to the work of Stehle and Bourne in 1922 on ether made from sodium ethylate and ethyl iodide. This ether was found to be free from all impurities and was proved to have perfect anesthetic properties. Dr. Shipway thought that this work confirmed the work of Dale and King and the exhaustive researches which Professor Storm van Leeuwen had just described to them, and he would like to know what Dr. Dale thought of this method of preparation of ether. -c Mr. H. E. G. BOYLE said that as he was not a chemist he could not pretend to discuss the chemistry of ethanesal, but with the President's permission he would like to show two slides on the screen giving the results obtained by Dr. C. Langton Hewer and himself in 10,000 cases-in all of which ethanesal had been used-either by itself or in sequence or combination with other drugs.
He had been quite satisfied with ethanesal, but at the same time if the chemists produced something better he was fully prepared to use it. ANALYSIS OF 10,000 ADMINISTRATIONS OF ETHANESAL ANIESTHESIA. Professor W. STORM VAN LEEUWEN (in reply to Mr. Finneislore) said th,,at since he did Iiot venture the risk of snaking an inexact statemellt he preferred to aiiswN-er the question after consulting his notes at homle.
Later Note.-The peroxide added was ethyl peroxide.
The Preparation and Condensation of Di-methyl Ether, and its use as an Aneesthetic Agent.
By K. B. PINSON, M.B.
OUR present anesthetic agents are by no means perfect, we are not quick enough or safe enough. Ethyl chloride is the most rapid agent we possess, but it is not so safe as ether; we wish to influence the higher nerve centres, and we poison every cell in the body. The ideal anaesthetic should not be unpleasant to take, should be instantaneous in action, safe in the hands of experienced people, should produce unconsciousness and allow rapid recovery without after effects.
It seems proper, therefore, that other drugs than those at present in use should be tried in order to find out whether any may be more useful.
I read in Gwathmey's book on ancesthesia, that Sir B. W. Richardson had made a trial of di-metbyl ether, and said: "I consider methylic ether to be the safest of all anaesthetics hitherto discovered. The one practical objection to it is that it is a permanent gas at ordinary temperatures." If it could be conveniently liquefied this objection becomes an advantage, so I set out to devise a method of making and condensing it. Of those agents which we use, it is noteworthy that the most rapid in action are ethyl chloride and nitrous oxide, both of which have boiling points below room temperature (i1' C. and -90°C., respectively) and it seems possible that this is due to their having a greater vapour tension, when dissolved in the plasma, than substances with higher boiling points. [Decemtber 8, 1923. 
